Background: Attention-deficit hyperactivity disorder (ADHD) is the most common mental and behavioral disorder in school-aged children. This study evaluated the effect of osmotic-release oral system (OROS) methylphenidate (MPH) on cognitive function and academic performance of Chinese school-aged children with ADHD. Methods: This 12-week, prospective, multicenter, open-label, self-controlled study enrolled 153 Chinese school-aged children with ADHD and 41 non-ADHD children. Children with ADHD were treated with once-daily OROS-MPH (18 mg, 36 mg, or 54 mg). The primary endpoints were Inattention/Overactivity (I/O) with Aggression Conners Behavior Rating Scale (IOWA) and Digit Span Test at week 12 compared with baseline. Secondary endpoints included opposition/defiant (O/D) subscale of IOWA, Clinical Global Impression (CGI), Coding Test, Stroop Color-word Test, Wisconsin Card Sorting Test (WCST), academic performance on teacher-rated school examinations, and safety at week 12 compared with baseline. Both non-ADHD and ADHD children received the same frequency of cognitive operational test to avoid the possible bias caused by training. Results: A total of 128 patients were evaluated with cognitive assessments. The OROS-MPH treatment significantly improved IOWA Conners I/O subscale scores at week 12 (3.8 ± 2.3) versus baseline (10.0 ± 2.4; P < 0.0001). Digit Span Test scores improved significantly (P < 0.0001) with a high remission rate (81.1%) at week 12 versus baseline. A significant (P < 0.0001) improvement was observed in O/D subscale of IOWA, CGI, Coding Test, Stroop Color-word Test, WCST, and academic performance at week 12 versus baseline. Very few practice-related improvements were noticed in the non-ADHD group at week 12 compared with baseline. No serious adverse events and deaths were reported during the study. Conclusions: The OROS-MPH treatment effectively controlled symptoms of ADHD and significantly improved academic performance and cognitive function of Chinese school-aged children with ADHD. The treatment was found to be safe and generally well-tolerated over 12 weeks. Trial Registration: ClinicalTrials.gov, NCT01933880; https://clinicaltrials.gov/ct2/show/NCT01933880?term=CONCERTAATT4099&rank=1
worldwide prevalence of 5.3%, [1] and an estimated prevalence of 5-10% in school-aged children. [2] Primary school-aged children are affected approximately twice as frequently as adolescents; boys having twice the prevalence as girls. [3] It commonly manifests as cognitive dysfunction in working memory, verbal fluency, and executive processing speed [4, 5] resulting in schooling difficulties such as disorders of learning and applying knowledge, along with limitations of family and social activities. The disorder may also continue into adolescence and adulthood, further impacting patients' quality of life. [6] [7] [8] Pharmacological therapy has been shown to reduce effectively the risk of decline in academic performance in children with ADHD. [8, 9] Among the available therapies, methylphenidate (MPH) is one of the most widely investigated psychostimulants for the treatment of ADHD. [8, [10] [11] [12] Once-daily osmotic-release oral system (OROS)-MPH is a long-acting formulation and has shown improved efficiency and higher remission rate compared to immediate-release methylphenidate (IR-MPH).
[11] The OROS-MPH treatment improved executive functions of school-aged children with ADHD in areas such as working memory, sustaining attention, and impulsivity. [11] In China, ADHD is the most common mental and behavioral disorder recognized in school-aged children. [13] A large number of studies separately focused on the cognitive improvement and academic performance in children with ADHD. [11, [14] [15] [16] [17] However, there are limited data available focusing on both the aspects in the Chinese population. In this study, we evaluated the effect of OROS-MPH on academic performance and cognitive function of Chinese school-aged children with ADHD.
Methods

Study population
Boys and girls between 6 and 12 years of age with normal-intelligence (intelligence quotient ≥85), with a documented diagnosis of ADHD (Diagnostic Statistical Manual-Fourth Edition 314.00 and 314.01) weighing between 20 and 60 kg, with academic performance of the previous term, were enrolled in this study. Children having no history of taking psychotropic drugs in the last 6 months and currently taking effective IR-MPH (≤60 mg/d) were also included. The written informed consent form was obtained from the participants or their parents/guardians before enrolling into the study. Normal children, without ADHD between 7 and 13 years of age, weighing 20-60 kg, were also recruited as control to evaluate the practice effect. Both ADHD and normal children received the same frequency of cognitive operational test to avoid the possible bias caused by training.
Major exclusion criteria were evidence of any bipolar I or II affective disorder, anxiety disorder, general development disorder, schizophrenia, glaucoma, Tourette syndrome, hypertension and cardiovascular disease, any physical disease that can significantly reinforce the activity of the sympathetic nervous systems, serious gastrointestinal stenosis, dysphagia, and other serious somatic diseases. Patients were also excluded if they could not coordinate with the cognitive examination, highly sensitive to MPH, had taken or taking sympathomimetic agents such as β-adrenoreceptor blocking drugs, received or receiving monoamine oxidase inhibitor drugs such as clonidine, other α-2 adrenergic receptor agonist, tricyclic antidepressants, theophylline, or bishydroxycoumarin in the past 30 days, and history of drug or alcohol dependence.
The study was conducted from December 2009 to November 2010 at different centers in China, and the clinical protocol was approved by Independent Ethics Committees/ Institutional Review Boards at each study center. The study was conducted in accordance with the ethical principles originating in the Declaration of Helsinki and in accordance with the ICH good clinical practice guidelines, applicable regulatory requirements and in compliance with the protocol. All participants provided written informed consent.
Study design
In this 12-week, prospective, open-label, multicenter, self-controlled clinical study (ClinicalTrials.gov, N C T 0 1 9 3 3 8 8 0 ) , p a t i e n t s r e c e i v e d o n c e -d a i l y OROS-MPH 18 mg as the initial dose following a 4-week screening period. ADHD children, who were receiving other ADHD drugs except IR-MPH, were required to withdraw the drug for at least 3 days before baseline. For patients in the OROS-MPH treatment group, patients who received 5-mg IR-MPH 2 or 3 times a day were assigned to OROS-MPH 18 mg q.d. as recommended dosage, patients who received 10-mg IR-MPH 2 or 3 times a day were assigned to OROS-MPH 36 mg q.d. as recommended dosage, and patients who received 15-mg IR-MPH 2 or 3 times a day or a total daily dose of 60 mg were assigned to OROS-MPH 54 mg q.d. as recommended dosage. Dose was increased to 36 mg/d in week 1 (visit 2) which could be adjusted to 18 mg/d if the patient was intolerant and 54 mg/d in week 2 (visit 3) which could be adjusted to 36 or 18 mg if it was not well-tolerated. At week 3 (visit 4), doses were maintained at 18 mg/d, 36 mg/d, or 54 mg/d. In the remaining 9 weeks, patients were continuously treated with the optimized dose of OROS-MPH.
Children were evaluated by the Inattention/Overactivity (I/O) with Aggression, Inattention/Overactivity (I/O) with Aggression (IOWA) Conners Behavior Rating Scale at baseline and at weeks 1, 2, 3, 7, and 12. Clinical Global Impression-Improvement (CGI-I) scale was used at baseline and at week 12. Psychological, cognitive, and academic assessments were performed at baseline and at week 12. The patient disposition in the study is briefly summarized in Figure 1 .
Efficacy assessment
The primary efficacy outcomes were I/O subscale of parent-rated IOWA Conners scale and Digit Span Test. The IOWA Conners scale, used to assess the therapeutic effect, consisted of 10 items, which were separated into two subscales, I/O, and oppositional/defiance (O/D). All items were evaluated by a 4-point scale (0 = not at all, 1 = occasionally, 2 = frequently, and 3 = always) [18] at baseline, each visit and the end of the study. Digit Span Test, a subtest of China-Wechsler Intelligence Scale for children, [19] was used to access the verbal working memory consisting of both Digit Span Forward (order Digit Span) and Digit Span Backward (reverse Digit Span) tests. Children were requested to read numbers of increasing length, repeating them either forward or backward, and tested with different number sets [20] at each visit and the end of the study versus baseline. The parents rated the symptoms (items in the subscale) of the children at home and at each visit. In this test, one-point improvement is considered clinically significant, since even one-point improvement means recalling one more figure. [4] The other efficacy outcomes included: (1) O/D subscale and sum score of parent-rated IOWA Conners scale; (2) CGI-I rated on a 7-point scale (1 = very much improved to 7 = very much worse), based on a review of parents' ratings and interviews; [16] (3) Remission rate, defined as the rate of children with total score ≤5 based on IOWA Conners Behavior Rating Scale evaluated by parents; (4) Stroop Color-word Test (four tasks: Word reading, color reading, word reading of color-words and color naming of color-words) [5] to record completion times and the number of errors made during each task/test; (5) Coding Test (Digit Symbol Substitution Test; consisted of digit-symbol pairs): Children read the list of digits and drew corresponding symbols, and the number of correct symbols within 150 s time-limit was assessed; (6) Wisconsin Card Sorting Test (WCST), consisted of 13-item and measured the ability to display flexibility during schedule changes with a number of stimulus cards on which the shapes of different color, quantity and designs were read by the children. Children were then requested to match those cards with additional cards under changing rules. The number of "Right" and "Wrong" matches and the time children took to learn new rules, as well as the mistakes, were measured; [21] (7) Academic performance was assessed by comparing the Chinese language and mathematical achievements based on teacher-rated records of school examination scores at baseline and at week 12; and (8) Number of participants compliant (calculated by the percentage of dose [actual dose × 100/theoretical dose]) to the treatment.
Safety assessment
Children had a general physical and blood examination (if required) before initiating OROS-MPH. Blood pressure, pulse rate, concomitant medications, adverse events (AEs), and treatment review were conducted at baseline and at each visit.
Statistical analysis
The data were analyzed using SAS 9.1.3 (SAS Institute Inc., Cary, NC, USA). The primary analysis was based on the full analysis set that comprised children who received at least one dose of OROS-MPH and had at least one efficacy assessment. Perprotocol set was defined as a set of all children who reasonably followed the protocol procedures and had good compliance (80-120% adherence) to the treatment drug, and had Conners scale score at all visits. Safety analysis was performed in the safety set population that comprised children who received at least one dose of OROS-MPH.
Demographic and baseline characteristics were summarized and evaluated for distributional analysis. Paired t-test was used for the normally distributed data, and the Wilcoxon signed-rank test was used for the nonparametric analysis. The last-observation-carried-forward approach was used to impute the missing data for primary efficacy outcomes. No multiplicity adjustment was made. The mean values were displayed as mean ± standard deviation (SD) and the mean difference was exhibited with the 95% confidence interval (CI). All hypothesis tests are double tailed tests, with 0.05 as the significance level.
results
Participants
Overall, 153 children with ADHD were enrolled [ Figure 1 ], of which 123 completed the study, while the analysis was based on the full analysis set (n = 128) [ Table 1 ]. Of the 41 non-ADHD children recruited, 40 completed the study with one participant withdrawing the consent.
Medications
At baseline, 12 (9.4%) children with ADHD were taking IR-MPH. The mean course of OROS-MPH treatment was 80.1 days and total compliance was 93.6%, in which the total compliance of 17 participants was <80% (13.4%), 110 cases between 80% and 120% (86.6%) and no cases >120%. During the optimized treatment phase (weeks 3-12), 73.5% children received OROS-MPH 18 mg once-daily and 26.5% received 36 mg once-daily (weeks 7-12).
Primary efficacy outcomes
The OROS-MPH treatment showed continuous increase in the parent IOWA Conners I/O scores at weeks 1, 2, 3, 7, and 12 versus baseline. At week 12, the mean I/O scores of the short version of the parents questionnaire of IOWA Conners score of OROS-MPH treatment were significantly higher than the baseline [P < 0.0001; Table 2 and Figure 2] . The OROS-MPH treatment showed therapeutic response (efficacy rate; 89.8%) in 114 children with ADHD. At week 12, the mean total scores and reverse recitation of Digit Span Test score was significantly higher than the baseline [P < 0.0001; Table 3 ].
Secondary efficacy outcomes
Opposition/defiant subscale of Inattention/Overactivity with Aggression score and remission rate At week 12, OROS-MPH significantly decreased the mean (SD) O/D scores (5.5 ± 3.6; P < 0.0001) and the total scores (12.0 ± 6.2; P < 0.0001) of IOWA Conners scale in children with ADHD compared with baseline [ Table 2 ]. A continuous increase was observed in the remission rate at all visits compared with baseline [ Table 2 and Figure 2 ]. In the OROS-MPH treatment group, remission rate was 26% (33 children) and 81.1% (103 children) at weeks 1 and 12, respectively. The reciprocal relationship between remission rate and I/O subscale of parent-rated IOWA Conners scale are provided in Figure 2 . 
Coding Test (Digit Symbol Substitution Test)
At week 12, OROS-MPH significantly increased the mean ± SD Coding Test score [6.8 ± 8.9; P < 0.0001; Table 3 ] in children with ADHD, but not in the non-ADHD children (5.7 ± 21.7; P > 0.05) compared with baseline.
Stroop Color-word Test
A significant decrease in the completion times in the Stroop Color-word Test 1, Test 2, Test 3 (all P < 0.0001), and Test 4 (P = 0.0005) was observed in children with ADHD at week 12 compared with baseline. Significant higher completion time for Stroop Color-word Test 4 was observed at baseline, for children with ADHD as compared with non-ADHD children, but was not significant at week 12. Further, no significant difference for other tests (Tests 1, 2, and 3) was observed between the groups at baseline. In children with ADHD, a significant decrease in the number of errors in the Stroop Color-word Test 1 (mean ± SD: 0.6 ± 1.8; P < 0.0005), Test 2 (0.5 ± 1.5; P = 0.0009), Test 3 (0.4 ± 1.2; P = 0.0009), and Test 4 (0.8 ± 1.8; P < 0.0001) was observed at week 12 compared with baseline, which was not observed in non-ADHD children (P > 0.05) [ Table 3 ].
Wisconsin Card Sorting Test
Compared with baseline, OROS-MPH treatment showed a significant difference (P < 0.0001) in 10 of 13 parameters in WCST [ Table 3 The OROS-MPH treatment did not cause any significant change (P > 0.05) in the "Learning to Learn" at Week 12 versus baseline (0.4 ± 7.5). A significant increase in Cc (0.7 ± 1.5; P = 0.0051) and Rc (6.8 ± 13.7; P = 0.0032) was observed in non-ADHD children at week 12 compared with baseline. No significant increase was observed in first response (Rf ) in WCST compared with baseline. The OROS-MPH treatment significantly decreased (7.2 ± 12.6) nRpe at week 12 compared with baseline (P < 0.0001). No significant change in Ra and Rf was observed in the non-ADHD Children at week 12 compared with Contd... baseline (P > 0.05). Significant differences were observed between the two groups in WCST scores at baseline (all P < 0.05); however, no significant differences were observed at week 12.
Academic performance
At week 12, OROS-MPH treatment significantly increased the Chinese achievement score (5.5 ± 10.2; P < 0.0001) and mathematical achievement score (7.3 ± 10.3; P < 0.0001) compared with baseline, which was not seen in the non-ADHD children (P > 0.05) [ Table 3 ]. Both children, with ADHD and non-ADHD, received the same frequency of cognitive operational tests (such as Digit Span, Stroop Color-word Test, Coding Test, and WSCT).
Safety
A total of 149 patients were included in the safety analysis set. No serious AEs and deaths were reported during the study. A total of 40 AEs were reported in 24 children, which were considered to be related to OROS-MPH treatment. Most commonly reported AEs were loss of appetite (12.7%), poor sleep quality (2.0%), and insomnia [2.0%; Table 4 and Figure 3 ]. No obvious change in blood pressure and pulse rate was recorded.
dIscussIon
Long-term studies in patients with ADHD have shown the impact of treatment on emotional behavior, academic achievement, and social functioning, [22, 23] which suggest that the goal of pharmacotherapy is not only to improve the symptoms, but also to restore optimal functionality in the emotional, behavioral, academic, and social functioning. To the best of our knowledge, this is the first study in Chinese school-aged children that assessed both cognitive and academic improvements with OROS-MPH treatment. Improvements were seen in psychological, cognitive, and academic performance over 12 weeks. The majority of the children were 8-9 years old (42.9%); the prevalence rate in this age group is comparable to another Chinese study, in which the prevalence rate of ADHD in children aged 7-9 years was higher (>6%) than in the other age groups. [24] Similarly, more boys compared to girls (>5:1) had ADHD in this study, which is in line with the existing literature. [11, [24] [25] [26] [27] A continuous increase in the remission rate and a decrease in the IOWA Conners I/O scores were observed during the treatment period. The changes were rapid in the initial 2-3 weeks indicating that most children with ADHD may improve faster during the first 3 weeks (50% improvement versus baseline) of treatment; however, the improvement continued until week 12 (62% improvement versus baseline). These improvements are consistent with the previously published studies, both in Chinese [25] and non-Chinese children. [9, 26] A study in Chinese population in Taiwan of China showed 44.2% of symptomatic remission at week 4, 58.8% at week 6, and 59.6% at week 10 (average dose: 36.7 mg/d). In another study, [28] the remission rate (Swanson, Nolan and Pelham, version IV scale, Chinese version [SNAP-IV-C]) was 30.7% after 48-weeks treatment with 30.16 mg/d dose. In comparison, lower average dose (22.8 mg/d) was observed in the current study that resulted in a higher and faster remission. The difference in the remission rate can be attributed to several factors such as the difference in baseline data, prevalence of comorbidities (e.g., oppositional defiant disorder, somatization disorder), family history of psychiatric disorders, and proportion of children with ADHD who had received previous IR-MPH (9.6%; rest were drug naïve). Further, a high compliance rate (93.6%) and enrollment of patients with mild ADHD and the difference in remission definition and evaluation tools may have contributed to the difference in the remission rates in the current study. We defined remission rate as the rate of children with average total score ≤5 based on IOWA Conners I/O subscale, whereas the other studies [9, 26, 28] used SNAP-IV-C scale where <1 ("not at all" or "just a little" in ADHD symptom) score on each of the 18 ADHD items was considered remission rate.
Significant improvements were noted in both forward and backward performances in the Digit Span Test. These results are consistent with the previous findings in other studies with MPH [29] and OROS-MPH.
[30] Moreover, there was no significant difference in positive recitation between the ADHD and non-ADHD children at week 12, which shows a short term memory improvement in the children with ADHD to such an extent that they may appear normal. Though, a similar pattern was not seen for the negative recitation test as it necessitates special processes above and beyond moving backward along a time continuum.
[31,32] However, the improvement could not reach the clinical relevance of one-point improvement compared with baseline.
Stroop Color-word Test is associated with cognitive flexibility and resistance to interference with outside stimuli. Significant improvements in all the Stroop Color-word Tests were observed. Cognitive assessment tests such as Digit Span backward, Digit Span sum, and Stroop Color-word Test 4 and 7 parameters in WCST may possess testing practice effect, where the total effect can be due to "practice" and/or "treatment drug." Significant improvements were observed in cognitive assessments in this study. Practice-related improvements were not observed in the non-ADHD children. Hence, it can be concluded that the observed improvements are more likely to be due to the OROS-MPH treatment itself rather than the effect of testing practice.
At baseline, a significant difference was observed between ADHD children and non-ADHD children for Re, Rc%, Rf%, and perspective response tests in WCST and Stroop Test 4. However, at week 12, the difference between the groups was nonsignificant, suggesting that the OROS-MPH treatment substantially improved the behavior of children with ADHD and they appeared to be no different from the normal children.
In the present study, overall, children with ADHD showed significant improvements in verbal working memory, mental flexibility, and learning ability. These results are in line with the existing literature where MPH has showed significant improvements in cognition and executive functions. [11, 30] Coding Test or Digit Symbol Substitution Test is a useful indicator of change in sensory processing performance and is a sensitive measure of frontal lobe executive functions. [33, 34] This test has been proven highly effective owing to its simplicity and sensitivity to various psychiatric and neurological disorders. [35] [36] [37] [38] [39] In this study, significant improvements were noted in ADHD children in psychomotor and processing speeds, high-speed visuomotor/visuospatial tracking, and attention as well as working memory. However, this was not observed in non-ADHD children. In another study analyzing the intellectual skill difficulties and attention problems, [40] hydrocephalus and ADHD children showed poor scores versus normal children in the Coding Test. Thus, indicating that ADHD and hydrocephalus children had problems in focusing/ executing attention and sustaining attention.
An open-label, nonrandomized study design is a major limitation for this study. Although normal children without ADHD were recruited into the study, they were not used for the final analysis as the groups were not comparable. Also, the methods used for the academic performance evaluation in the current study are not standard methods. The two most commonly used methods, absolute score in standard test [41] and converted percentile of this score in individual tests, [12] were not used as these tests are not available at different centers in China. Further, there is no standard academic test that has been designed for Chinese children. Demographic and social factors may have an impact on school performance. The percentile comparison would not be suitable as our participants came from seven different centers or hospitals located in different provinces.
As for academic performance, both the Chinese language and mathematical achievement scores were improved in the children; improvement in mathematical score is more prominent than that of the Chinese score, consistent with the existing literature.
[42] The majority of AEs were observed within the 1 week and the incidence of AEs declined consistently from Week 2 until Week 12 [ Figure 3 ], indicating that OROS-MPH treatment is well-tolerated after the first couple of weeks of treatment. Safety results are consistent with previously published studies with OROS-MPH. [8, 25] In conclusion, this open-label study suggests that the OROS MPH improves academic and cognitive performance in Chinese school-aged children with ADHD. The treatment was safe and generally well-tolerated over the period of 12 weeks.
